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…and the resultant (2D) mass map
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WHY NOT 
??
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So you need…
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…but Edelweiss 
(and others now) 
ruled this out.
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So you need…
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Identifying a signal

(astro-ph/0310638)
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In fact, calculations indicate that there should be a head-tail 
signature in the ionization dE/dx!

(astro-ph/0310638)
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(MWPCs)
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At UNM we are focusing on….
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UNM R&D on Alternative Readouts (mainly GEM-based)

Goals are to achieve higher resolution (with σx = σy) and gain than 
current MWPC readouts used in DRIFT:

•Measure dE/dx along low-energy nuclear recoil track…is there a 
signal for head-tail discrimination? 

•Achieve higher signal to noise (gains of >10,000 with multi-stage 
GEMs) to lower nuclear recoil energy threshold.  

•Both should also allow better discrimination against backgrounds.

Initially the main focus is to study the fundamental properties of low-
energy nuclear recoil tracks.  Then we will study the feasibility of 
achieving these goals for a scaled-up DM detector.
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UNM R&D Program

A) Start with GEMs + 2D readout boards (from CERN)
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Immediate questions to be addressed:
•how much gain is needed and how many GEM stages do we need to 
achieve this gain? (will depend on signal-to-noise) 

•what is the diffusion in between GEM stages and induction gap for 
CS2?  Magboltz says σ ~ 100–150 um per stage, but we need to 
confirm.

BTW, note that Shipsey, Martoff, et al have already tested GEMs with CS2…

We have acquired:
• 8 framed 10cm by 10cm CERN Ni-Au plated GEMs

• 4, 200 um pitch 1D readout boards (UNM) + 4, 200 um pitch, 2D readout 
boards (CERN)

• highly integrated preamp/shaper units from BNL with ~100 e- RMS noise, 
4 us shaping time, 16 channels/board, ~$35/channel

• 10 boards of the MACRO 200 MHz WFDs loaned from BU (160 channels) 

• vacuum vessel, pump, etc.
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Shipsey, Martoff, et al work on 
GEMs and CS2
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Basic Setup for GEM + 2D strip readout
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BNL 16-channel preamp/shaper
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Signals passed thru vessel with Deteronix 30 pin feedthrough (cheap, robust)
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Typical Fe-55 pulse from reading out sum of 4 strips with BNL preamp
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55Fe Spectrum, bottom of GEM, Ortec Preamp, in ArCO2
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Results
1) Picking signal off bottom of single GEM:

Estimated gain ~ 650, dE/E ~ 25-30% FWHM
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55Fe Spectrum, BNL PreAmp, 4 added strips (#5, 6, 
7 & 8), ArCO2
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Results
2) Picking signal off strips with collimated Fe-55 source (Note: 
FWHM of signal is about 4 strips wide)
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Next steps
• Readout all 16 strips using the MACRO WFD + DAQ, ensuring 
that full signal is being added.

• Begin studies of diffusion in gap between GEM(s) & readout-
strip using UV generated electrons from thin wire.

•Instrument 160 channels of the 2D readout strip (a 1.5cm X 
1.5cm region) with BNL preamps with the aim of measuring 
tracks in the Fall.

• Address general electronics issues for a real DM detector with 
scale-up in mind. Are there better designs than 2D strips? How 
can we make use of the low rate and implement multiplexing 
while keeping noise down? Other ideas?  We hope to interest 
BNL in collaborating with us on these and other R&D questions!
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B) Study other readout schemes, such as GEM+CCD readouts:
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Triton, proton tracks
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Alpha tracks
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